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SUPPLEMENT TO 
"A STUDY OF TRANSPARENT PLASTICS FOR USE ON AIRCRAFTN" 
By Benjamin M. A x i l r o d  and Gordon M. K l i n e  
Exper imenta l  work on t h e  b u r s t i n g  s t r e n g t h s  of t r a n s -  
p a r e n t  p l a s t i c s  used  f o r  w i n d s h i e l d s  on a i r c r a f t  w a s  de- 
s c r i b e d  on p a g e s  22  and 2 3  of an N.A.C.A. C o n f i d e n t i a l  
Memorandum i s s u e d  May 1937 and e n t i t l e d  "A Study of Trans- 
p a r e n t  P l a s t i c s  f o r  Use on A i r c r a f t ,  by Benjamin Mw Axil-  
r o d  and Gordon Mw K l i n e ,  F u r t h e r  d a t a  on t h e  b u r s t i n g  
s t r e n g t h s  of p l a s t i c s ,  p a r t i c u l a r l y  a t  low t e m p e r a t u r e s ,  
have  been o b t a i n e d .  Table  I of t h i s  supplement i n c l u d e s  
t h e  v a l u e s  r e p o r t e d  i n  t a b l e  XXIII of  t h e  above-mentioned 
Memorandum and t h e  a d d i t i o n a l  v a l u e s  o b t a i n e d  a t  approxi -  
ma te ly  25' C. f o r  t h r e e  samples of a k r y l a t e  r e s i n .  Table  
I1 p r e s e n t s  t h e  d a t a  o b t a i n e d  f o r  t h e  bv-rs t ing  s t r e n g t h  
when one s u r f a c e  of t h e  p l a s t i c  m a s  coo led  t o  approximate-  
l y  -35' C. The c o o l i n g  m a s  accompl ished by a p p l i c a t i o n  of 
a m i x t u r e  of dry  i c e  and an  o r g a n i c  l i q u i d  t o  t h e  o u t e r  
s u r f a c e  and a l l o w i n g  t h e  m i x t u r e  t o  remain i n  c o n t a c t  w i t h  
t h e  p l a s t i c  f o r  f i v e  m i n u t e s  b e f o r e  f o r c i n g  w a t e r  a t  room 
i t e m p e r a t u r e  a g a i n s t  t h e  o p p o s i t e  s u r f a c e .  When k e r o s e n e  
o r  e t h y l e n e  g l y c o l  mas u s e d  a s  t h e  c o o l i n g  medium, t h e  
b u r s t i n g  s t r e n g t h s  of t h e  c e l l u l o s e  a c e t a t e  and a c r y l a t e  
a p l a s t i c s  were about  t h e  same as t h e  v a l u e s  o b t a i n e d  a t  
room t e m p e r a t u r e .  E t h y l e n e  d i c h l o r i d e  a t  -35' C .  had a 
d e l e t e r i o u s  e f f e c t  on bo th  c e l l u l o s e  a c e t a t e  and a c r y l a t e  
lb 
e,q., 
r e s i n  and gave  b u r s t i n g  s t r e n g t h s  much lower t h a n  mere ob- 
s e r v e d  n i t h  ke rosene  and e t h y l e n e  g l y c o l .  Thus, one sam- 
p l e  of an  a c r y l a t e  t y p e  of r e s i n  0,2 i n c h  t h i c k  f a i l e d  at  
100-117 gounds p e r  s q u a r e  i n c h  a t  room t e m p e r a t u r e ,  a t  
108-126 pounds p e r  s q u a r e  i n c h  a t  -35' C .  when c o o l e d  
w i t h  t h e  kerosene-dry  i c e  m i x t u r e ,  and at  64 pounds p e r  
s q u a r e  i n c h  when e t h y l e n e  d i c h l o r i d e  mas u s e d  as t h e  cool-  
i n g  medium. Examinat ion of t h e  l a t t e r  specimen r e v e a l e d  
minute  c r a z i n g  of t h e  c o o l e d  s u r f a c e .  L i k e v i s e ,  c e l l u l o s e  
a c e t a t e  approx imate ly  0.1 i n c h  t h i c k ,  which f a i l e d  a t  350 
pounds p e r  s q u a r e  i n c h  n i t h  tho  kerosene-dry  i c e  m i x t u r e ,  
b u r s t  at  167' pounds p e r  s q u a r e  i n c h  when t e s t e d  u n d e r  s i m -  
i l a r  c o n d i t i o n s  except  t h a t  e t h y l e n e  d i c h l o r i d e  w a s  u s e d  
i n  c o o l i n g  t h e  specimen,  
" I s s u e d  a s  a C o n f i d e n t i a l  Memorandum, May 1937. 
9 TABLE I 
Bursting Tests on Transparent Plastics 
at Approximately 25' C. 
Type of failure 
Shear 
Lateral tension 
Shear at edge 
Lateral tension 
Shear 
Shear 
Shear 
Pinhole developed 
between center 
and edge 
Shear 
Lat era1 tension 
Lateral tension 
Shear at edge 
(slipped in grips) 
Lateral tension 
Shear in grips 
Shear at edge 
I t  # II 
11 I t  If 
I t  11 II 
I t  ll I t  
II II II 
-- 
Maximum 
pressure 
lb,/sq,tn. 
295 
200 
1 65 
400 
375 
26 
46 
100 
115 
190 
430 
340 
3 80 
44 
33 
32 
45 
45 
117 
100 
Material 
A. Without rubber gaskets 
Cellulose acetate 
II II 
11 II 
I 1  I 1  
Cellulose nitrate 
Acrylate resin 
II II 
Vinyl acetal resin 
II II Il 
B . With rubber gaskets 
Cellulose acetate 
I f  11 
Il II 
Cellulose nitrate 
Acrylate resin 
Sample 
number 
B2 
B3 
C 1 
C3 
W1 
K 5  
K10 
N1 
N1 
C1 
C3 
B2 
W 1  
KlO 
Thick- 
ness 
mils 
93 
65 
57 
125 
93 
70 
9 8 
49 
49 
56 
12 5 
93 
93 
97 
65 
73 
, 87 98 
t t  11 I Kl1 
I t  II 
I 1  11 
II I t  
K11 
K12 
K12 
I1  I f  IC13 
II II I K13 202 1 85 
TABLE 11 
Bursting Tests on Transparent Plastics Cooled 
Type of failure 
Lateral tension 
Shear and lat- 
eral tension 
Lateral tension 
Shear and lat- 
era1 tension 
Shear; surface 
crazed 
Shear 
Shear at edge 
Shear 
11 
II 
11 
11 
11 
Shear and radial 
failure ; sur- 
face crazed 
to Approximately -35' C. on Outer Surface 
*Failed before appreciable load could be applied. 
I 
Maximum 
pressure 
lb/sq, in. 
167 
350 
Material 
A. Without rubber gaskets 
Cellulose acetate 
II II 
II II 
11 tt 
Acrylate resin 
11 II 
B . With rubber gaskets 
Cellulose acetate 
Acrylate resin 
II II 
II II 
11 11 
II II 
11 II 
II II 
I t  
I 
I 
Sample 
number 
B14 
B14 
C6 
C6 
K5 
K11 
B14 
K7 
Thick- 
ne s s 
mils 
107 
107 
Cooling 
liquid 
applied 
on top 
surf ace 
Ethylene 
dichloride 
Kerosene 
127 
127 
73 
65 
142 
51 
5 8 
12 6 
10 8 
64 
I Kerosene 370 Ethylene 420 
232 
glyc 01 
Ethylene 
di chloride 
Kerosene 
1 
Ethylene 
* 
33 
180 
168 
107 
231 
Ethylene 
dichloride 
Kerosene 
K12 97 
K7 1 , glycol 
Kerosene 
K12 
El3 
K13 
K13 
97 
199 
201 
192 
Kerosene 
Kerosene 
Kerosene 
Ethylene 
dichloride 
